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[57] ABSTRACT

An EL device having an electrode arrangement includ-
ing first electrodes and at least one row of second elec-
trodes intersecting the first electrodes and energized by
a combination of the first and second electrodes. The
second electrodes are divided into a plurality of sub-
electrode portions. The electrode arrangement is such
that the first electrodes each comprise a plurality of
segments that are commonly-connected and intersect
different sub-electrode portions. Another electrode
arrangement 1s such that the first electrodes are ar-
ranged in a belt form and intersect different sub-elec-
trodes portions in a meander manner.

The EL device can be applied to an electrophoto-
graphic printing system as an optical system for forming
a latent image. EL elements are repeatedly energized
with the same data to give a sufficient intensity of light
on a light sensitive medium, and deenergized for a time
in which the intensity is decreased to a low level.

39 Claims, 15 Drawing Sheets
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ELECTRO LUMINESCENCE DEVICE AND
ELECTROPHOTOGRAPHIC PRINTING SYSTEM
USING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to electro luminescence
(EL) devices and electrophotographic printing systems
using the same. More particularly, it relates to EL de-
vices having an electrode arrangement including a small
number of driving electrodes.

2. Description of the Related Art

EL devices are extensively used as light sources for a
variety of apparatuses. The EL device includes at least
one row of X direction electrode(s) and a plurality of Y
direction electrodes intersecting the X electrode(s).
When the capacity of light emitting elements defined by
the X direction electrode(s) and the Y direction elec- 20
trodes in the EL device is increased, the number of
electrodes is proportionally increased. Large-scale EL
devices of the prior art, however, suffer from the disad-
vantage that the number of circuit elements for driving
the electrodes becomes large, and accordingly, high
production costs become inevitable, and the speed at
which all of the electrodes can be driven is lowered.

Japanese Unexamined Patent Publication (JPP) No.
59-214672, entitled “an electrophotographic printer”,
Ishitobi, et al. published on Dec. 4, 1984, discloses the
use of an EL panel for an electrophotographic printer.
The EL panel is used as a light source instead of a laser
optical system or a light emitting diode (LED) array.
Electrophotographic printers which use EL panels
generally provide the merits of low manufacturing cost,
reduced size of the printer, and high quality print outs.
JPP No. 59-314672, however, discloses only the use of
EL panels of the prior art type, as set forth above, and
the principle of the light emitting operation of the EL 40
panel.

EL panels used for electrophotographic printers must
be provided with an array containing a large number of
EL elements, for example, 1024 or 2048. Accordingly,
the electrophotographic printer disclosed in JPP No.
39-214672 suffers from the same disadvantages as set
forth above regarding EL devices generally.

In addition, as compared with laser optical and LED
array systems, EL panels have an inherent disadvantage
of a low light intensity. For example, the light intensity
of an EL element is approximately one-hundreth
(1/100) of that of one LED. This means that the expo-
sure needed to form a latent image on a light sensitive
medium in the electrophotographic printer is insuffi-
cient.
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SUMMARY OF THE INVENTION

An object of the present invention is to provide an
EL device having an electrode arrangement including 2 ¢,
reduced number of driving electrodes.

Another object of the present invention is to provide
an EL device having an electrode arrangement by
which the manufacturing cost and device size are re-
duced.

Still another object of the present invention is to
provide an EL device having an electrode arrangement
capable of emitting high intensity light.
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Yet another object of the present invention is to pro-
vide a control circuit suitable for controlling and driv-
ing the above mentioned EL devices.

A further object of the present invention is to provide
an EL device and a control circuit suitable for applica-
tion in an electrophotographic printing system.

Therefore, according to the present invention, there
1s provided an EL device including a transparent sub-
strate; a first transparent electrode set formed on the
substrate; a light emitting layer embedded in an insulat-
ing layer on the first electrode set; and a second elec-
trode set formed on the insulating layer on the opposite
side of the high emitting layer from the first electrode
set. The first electrode set having a plurality of elec-
trodes and the second electrode set having at least one
row of electrodes intersecting the plurality of first elec-
trodes.

A plurality of EL elements are defined in the light
emitting layer at intersecting portions of the first elec-
trodes and the second electrodes. The second elec-
trodes are separated into a predetermined number of
sub-electrode portions. The first electrodes are grouped
in a predetermined number of groups, and correspond-
ing electrodes in these groups are electrically con-
nected. Each of the EL elements is energized by a com-
bination of the sub-electrodes of the second electrode
and the grouped first electrodes, when supplied with a
predetermined AC energizing pulse therebetween.

In another aspect of the present invention, the first
electrodes are arranged in a belt form and the belt-
formed first electrodes intersect the sub-electrodes in a
meander (zigzag) manner. The meander form of the first
electrodes may have a rectangular shape, a trapezoid
shape, or a half circle shape.

In still another aspect of the present invention, the
above EL element arrangement may be applied to a
plurality of rows of an EL element arrangement.

According to the present invention, there is also pro-
vided an electrophotographic printing system using the
above EL device for forming a latent image.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and features of the present invention
will be described below in detail with reference to the
accompanying drawings, in which:

FI1G. 1 1s a schematic partial section view of an elec-
trophotographic printing system wherein EL devices of
the present invention can be used;

FIG. 2 is a diagram illustrating an electrode arrange-
ment of a prior art EL panel;

FIG. 3 is a prior art control circuit;

FIG. 4 is a graph illustrating the light-emissions for
forming a latent image using an EL device;

FIG. S 1s a sectional view of an embodiment of an EL
device arranged in accordance with the present inven-
tion;

FIG. 6 1s a perspective view of electrode arrange-
ment of the EL device of FIG. 5;

FIG. 7 1s a plan view of the electrode arrangement
shown in FIG. 6;

FIG. 8 1s a circuit diagram of a control circuit for
controlling the EL device shown in FIGS. § to 7;

FIGS. 9a to 9¢ are waveforms of the EL device of
FIGS. Sto 7;

FIGS. 10q to 10k are waveforms of the EL device
and the control circuit of FIGS. 5 to 8:
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FIG. 11 is a plane view of another embodiment of an
electrode arrangement of an EL device in accordance

with the present invention;
FIG. 12 1s a section view of the EL device of FIG. 11;
FIG. 13 is a perspective view of the EL device of

FI1G. 12;
FIG. 14 is a circuit diagram of a control circuit for

controlling the EL device of FIGS. 11 to 13;

FIGS. 15a to 15¢ are plan views of a modification of
the electrode arrangement of FIG. 11;

'FIG. 16 is a sectional view of still another embodi-
ment of an EL device in accordance with the present
invention;

FIG. 17 is a partial plan view of the EL device of
FIG. 16;

FIG. 18 1s a graph representing the change in the
light intensity caused by deviation between an optical
axis of the focusing lens and the direction of light emit-
ted from an EL element in an EL device:

FIG. 19 is a circuit diagram of a control circuit for
controlling the EL device of FIG. 16;

FIGS. 20g to 20d are views illustrating the operation
of the EL device of FIG. 16 and the control circuit of
FI1G. 19;

FIG. 21 is a plan view of a modification of the elec-
trode arrangement of FIG. 17; and

FIG. 22 1s a partial sectional view of an electrophoto-
graphic printing system using a modified EL device of
the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Before describing the preferred embodiments of the
present invention, a description will be given of prior
EL devices and principles of operation of electrophoto-
graphic printing systems wherein EL devices of the
present invention can be used.

Referring to FIG. 1, an electrophotographic printing
system 1s 1llustrated as including a light sensitive drum
201 coated with a light sensitive layer, a precharger 202
for supplying charges to the light sensitive layer, an
optical unit 203, an image developing device 204, a
paper delivery unit 205 on which paper is delivered, an
image transfer device 200, a discharger 207, a cleaner
208, a thermal-type image fixing device 210, and a pair
of delivery rollers 211.

The light sensitive drum 201 rotates in the direction
shown by the arrow A in FIG. 1. The light sensitive
layer on the drum 201 is charged to a predetermined
high voltage on the basis of the principle of corona
electrical discharge by the precharger 202. Due to this
charge, the light sensitive layer exhibits high resistance.
The optical unit 203 emits light beams modulated in
response to data to be printed. Portions of the light
sensitive layer irradiated by the beams are brought to a
low resistance and low voltage state. Toner in the image
developing device 204 is deposited on the voltage-
reduced portions of the light sensitive layer. This is a
principle of an electrostatic latent image formation.

The paper 212 is delivered above the image transfer
device 206, and the charged toner on the light sensitive
layer on the drum 201 is transferred to the paper 212 by
applying an opposite polarity voltage from the image
transfer device 206. The paper 212 having the toner
thereon is detached from the drum 201 by a paper sepa-
rator (not shown), and is delivered to the image fixing
device 210, which fixes the toner image on the paper.
After the paper 212 is detached from the drum 201,
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images on the light sensitive layer are electrically erased
by the discharger 207. Any toner remaining on the light
sensitive layer 1s removed by the cleaner 208. This is a
principle of the basic print operation in an electrophoto-
graphic printing system.

In FIG. 1, the optical unit 203 includes an EL panel
1, a control circuit 3, and a light focusing lens unit 2.

The use of an EL panel as a light source in an electro-
photographic system is disclosed in JPP No. 59-214672,
as set forth above. FIG. 2 1s a view illusirating the elec-
trode arrangement 10q¢’ of a prior art EL panel used in
an electrophotographic printer. The prior art EL panel
consists of an X direction rear-electrode 101 and a plu-
rality of Y direction transparent electrodes 102; to 102,
provided opposite thereto at a predetermined distance
and disposed perpendicularly to the X direction elec-
trode 101. A light emitting layer 1s formed between the
X and Y direction electrodes 101 and 102 to 102,,. Each
electro luminescence (EL) element (cell) is defined by
intersecting the X direction electrode 101 and a Y direc-
tion electrode. The EL panel used for an electrophoto-
graphic printer requires a large number of EL elements,
for example, 1024, 2048 or more, and thus the EL panel
must have a large number of Y direction electrodes.

Referring to FIG. 3, a prior art control circuit 3’ for
controlling a prior art EL panel having an electrode
arrangement as shown in FIG. 2, consists of a timing
controller 301, a clock generator 302 for energizing the
Y direction electrodes, an interval controller 303, a
clock generator 304 for energizing the X direction elec-
trode, an AND gate 305, an AND gate 306 having an
inverted input, a shift register circuit 307, a latch circuit
308 including flip-flops holding serial data SDATA
therein, an AND gate row 309, a Y direction electrode
driver 310, and a X direction electrode driver 311.

If the number of Y direction electrodes is 2048, a
corresponding number of shift registers, flip-flops,
AND gates, and IC driver gates, must be provided. The
IC driver gates generally are expensive, because they
must carry a high voltage, for example, 200 VDC, to be
supplied directly therethrough to the electrodes. Ac-
cordingly, the prior art control circuits suffer from the
disadvantages of large size circuit construction and a
high manufacturing costs.

F1G. 4 1s a graph representing the basic light emitting
operation of an EL panel used in the electrophoto-
graphic printer. The EL element emits light only when
the corresponding intersecting X and Y direction elec-
trodes are supplied with predetermined AC pulse volt-
ages, and the intensity of the emitted light becomes
rapidly reduced with elapse of time. The intensity of a
single emitted light is not sufficient to form a latent
image on the light sensitive layer, and accordingly, a
plurality of consecutive light emitting operations must
be carried out in a predetermined light exposure time
Ton. This requires high speed operation of the control
circuit.

At the same time, a predetermined OFF time must be
maintained to ensure that the formation of the latent
Image of a next print line is not affected by the previous
operation.

Now, preferred embodiments of the present inven-
tion will be described.

Referring to FIG. §, an EL device 1 includes a glass
substrate 11, a transparent electrode 16 of In,O3 doped
with Sn, namely ITO, having a thickness of approxi-
mately 200 nm (200X 10—° m), a first insulating layer 13
of S13N4 having a thickness of approximately 200 nm; a
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light emitting layer 15 of ZnS doped with 0.5% Mn
having a thickness of approximately 600 nm; a second
insulating layer 19 of Si3N4 having a thickness of ap-
proximately 200 nm; and a rear-electrode 12 of Al hav-
ing a thickness of approximately 300 nm. The EL de-
vice 1 also includes a bus-bar electrode 17 of Al, a cross-
over insulator 18, and a protection cover 20 fixed on the
glass substrate 11 by adhesive materials 14¢ and 14 and
hermetic-sealing the above elements together with the
glass substrate 11. A cavity 21 defined by the protection
cover 20 and the glass substrate 11 1s filled with a pro-
tective gas.

When a predetermined AC pulse voltage 1s applied
between the transparent electrode 16 and the rear-elec-
trode 12, the light emitting layer 15 emits light in two
directions. Light directed to the rear-electrode 12 is
reflected by the non-transparent Al of rear-electrode 12.
Light directed to the transparent-electrode 16 passes
through the transparent-electrode 16 and the transpar-
ent glass substrate 11, and is introduced into the light
focusing lens unit 2. The light focusing lens unit 2 in-
cludes a lens array consisting of a pluraity of focusing
lens. The light focus lens unit 2 receives the incident
rays, and makes a normal (non-reversed) and equal size
image at its focus point. The focus point may be placed
at the light sensitive layer on the light sensitive drum.

‘The EL elements array, and thus the focus lens array,
extend along an axial line on the circumferential plane
of the light sensitive drum to simultaneously project a
plurality of focused rays on the light sensitive layer.

The formation of the EL device shown in FIG. § is as
follows:

a. A transparent and electrically conductive layer of
ITO is formed on the glass substrate 11. The patterning
and etching of the transparent and conductive layer is
carried out in a predetermined manner to form EL
elements of a predetermined shape and pitch and num-
ber so as to form the desired transparent electrode 16.

b. Subsequently, the insulating layer 13 of Si3N4, the
light emitting layer 15 of ZnS with 0.5% Mn, and the
insulating layer 19 of Si3N4 are formed. By etching the
cross-over insulating layer 18, a throughhole is formed

at a certain position on the transparent electrode 16.
c. An Al metal layer is deposited on the insulating

layer 19 and patterned and etched to form the rear
electrode 12. Al is also introduced into the throughhole
in insulating layer 18, and a portion of Al extending
across the top of the insulating layer 18 is patterned to
form the bus-bar electrode. -

d. The protective cover 20 is fixedly mounted on the
glass substrate 11 by the adhesive materials 14q and 145,
and the cavity 21 is filled with a protective gas, to her-
metically seal the glass substrate 11 to the protective
cover 20.

FIG. 6 1s a perspective view of the electrode arrange-
ment of the EL device shown in FIG. 5. FIG. 7 is a
schematic view of the electrode arrangement shown in
FIG. 6. In this embodiment, in order to energize a row
formed of 2048 EL elements, 2048 transparent electrode
segments 16 are provided. These electrode segments 16
are divided into 32 groups, each including 64 elec-
trodes: 161 to 1644, 1665 to 16123, . . . , 161984 tO 162045.
Also provided are one row of rear electrodes 12 to
123;. The first transparent electrode segments 161, 16¢s,
. . . » 161984 in each group are commonly connected to a
first bus-bar electrode 17;. The second transparent elec-
trode segments 167, 16¢¢, . . . , 161935 1n each group are
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commonly connected to a second bus-bar electrode 175,
and so on.

The above electrode arrangement thus has 64 direct
drive transparent-electrodes 16 and 32 direct drive rear-
electrodes 17, and provides 64X 32=2048 EL elements
by combining the same. In other words, 64-32=96
drive electrodes are able to energize any of the 2048 EL
elements.

F1G. 8 is a circuit diagram of a control circuit 3 for
controlling and driving the EL device 1 shown in
FIGS. § to 7. The control circuit 3 includes a circuit 31
generating 2048 bits of serial data SDATA to be dis-
played on the EL device 1, a timing controller 32, a first
shift register circuit 33 having 64 shift registers, a latch
circuit 34 having 64 flip-flops, and a push-pull driver
circuit 35 including 64 IC driver gates having a high-
voltage resistance. The control circuit 3 also includes a
pull-only driver circuit 36 including 32 IC driver gates
having a high-voltage resistance, a second shift register
circuit 37 having 32 shift registers, switching elements
38 and 39, and a diode array 40 having 32 diodes for
making light emission circuits and preventing short
circuits between the IC driver gates in the pull-only
driver circuit 36.

At a first scanning cycle, the data generating circuit
31 outputs a first set of serial output data SDATA of
first to 64th bits to the shift register circuit 33. The
timing controller 32 outputs clock pulse CLK to the
shift register circuit 33 to shift-imput the serial output
data SDATA of 64 bits therein. The timing controller
32 also outputs a latching pulse SLCH to the latch
circuit 34, storing 64 bits into the latch circuit 34. At the
first scanning cycle, a first shift register of the shift
register circuit 37 is set to one, energizing a first IC
driver gate in the pull-only driver circuit 36. When a bit
of the data SDATA i1s 1, an EL element EL.;emits light.
To emit light from a first EL element, an AC driving
voltage VDRV, which i1s defined by an equation:
VDRV 1=VDi—¥VS1, where VD, represents a drive
voltage supplied to a first transparent electrode and
VS a drive voltage, consisting of a low voltage Vg, a
floating voltage Vgand a high voltage Vg, supplied to
a first rear-electrode, must be supplied between the
transparent electrode and the rear-electrode, as shown
in FIG. 94. In order to supply these drive voltages VD
and VS, as shown in FIGS. 96 and 9c, the timing con-
troller sends strobe pulses STRB1 and STRBjy, to the
push-pull’ driver circuit 35 and the pull-only driver
circuit 36. Upon applying the AC drive voltage
VDRYV], the EL element EL is instantaneously lit and
the light intensity LI; decreases at once as shown in
FIG. 9e. On the other hand, when another bit of the
data SDATA is 0, the AC drive voltage VDRV is not
supplied to a corresponding EL element, and accord-
ingly, the EL elements does not emit light. This opera-
tion principie may be applied to 64 bit data stored in the
latch circuit 34.

At a second scanning cycle, the data generating cir-
cuit 31 outputs a second set of serial output data
SDATA of 65th to 128th bits. The data SDATA are
shifted in the shift register circuit 33 in response to the
clock puises CLK. The timing controller 32 sends a
single clock pulse CLK to the shift register circuit 37,
shifting one bit of the data stored in the shift register
circuit 37. The timing controller 32 outputs the latching
signal SLCH to the latch circuit 34, carrying out the
latching of a second 65th to 128th bits of the data
SDATA into the latch circuit 34. The emission for the
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data of the second 65th to 128th bits is also carried out.
These operations are consecutively effected to illumi-
nate the data of 2048 bits on the EL device 1.

In the fundamental operation for emitting 2048 EL

elements as discussed above, the push-pull driver circuit
35 and the pull-only driver circuit 36 drive 64 clec-

trodes in one drive (or scan) cycle, and the drive opera-
tion is repeated 32 times. Although this can require a
longer time than the drive time in the prior devices, the
number of IC driver gates, which are very costly, is
reduced to 92 (=644 32) in this embodiment, and this
greatly contributes to a reduction of the manufacturing
cost.

Next, the operation of the EL device 1 and the con-
trol circuit 3 used in an electrophotographic printing
system 1s described with reference to FIGS. 10a to 10%.

A single emission of the EL element by applying a
single AC drive voltage 1s insufficient to fully form a
dot of the latent image on the light sensitive medium on
the light sensitive drum. Accordingly, consecutive
emissions by a plurality of EL. elements is required as
shown in FIG. 4 to raise the maximum light intensity
MX and to accumulate light energy S;. Obviously the
duration time 79 in FIG. 4 should be short to increase
the maximum light intensity. An ON time Top is de-
fined by the duration time 79 and the repetition number
of emissions. At the same time, a predetermined length
of an OFF time Tofrr, which is a decay time, is required
to decrease the light intensity to a certain level which
does not affect the printing of a paper next in line. Gen-
erally, the light energy S; accumulating from the re-
maining and decreasing light during the OFF time
Torr1s defined by the following formula:

TOFF (1)

So= [ MXe=70 . gt
0

In addition, the contrast C is defined by the following
formula:

C=387/51 (2)
Preferably, the contrast C is

Ccso.1 (3)

Supposing that the light sensitive medium is A4 size,

approximately 29.7 mmX21.1 mm, and two sheets are
printed in a time of one minute, when the light emitting
layer 15 in the EL device 1 is made of ZnS doped with
0.5 wt.% Mn and the light sensitive medium is of Asj.
Ses, the parameters shown in FIGS. 10a to 10k are as
follows:
(a) interval time T for row synchronization signal
SYNCgrow: 8.8 ms
(b) duration time 7 of scan division synchronization
signal SYNCpyy for scanning 32 times in one
frame: 340 us
(c) ON time Topn: 8.16 ms
(d) number of scanning repeats: 24
(e) OFF time Torr: 640 us
(f) accumulated light energy during the ON time, Si:
approximately 1 uJ/cm?
(g) contrast: approximately 0.09
(h) amplitude of AC drive voltage: +200 VDC and
—200 VDC
Whether the pulse voltages VD through VDgq4 are at
a high level of 4200 VDC or a low level of 0 VDC is
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defined by ones or zeros of a first 64 bits: the first 64th
bits stored in the latch circuit 34. The pulse voltages
VDj to VDg4 are supplied to the transparent electrodes

161 through 1664. One of the rear-electrodes 12 through
1232 1s also supplied with a pulse voltage VS. Each pulse
voltage VS for energizing a corresponding EL element

consists of a low level voltage V; of 0 VDC, a floating
level voltage V§, and a high level voltage Vg of +200
VDC. The low level voltage V7 is generated when the
switching elements 38 and 39 are turned OFF and the
IC driver gate in the pull-only driver circuit 36 is turned
ON, so that a reference voitage Vg of +200 VDC is not
transmitted t0 a common connected point of the switch-
ing e¢lements 38 and 39, and the common connected
point is grounded through the diode in the diode array
40 and the IC driver gate in the pull-only driver circuit
36. The high level voltage Vg is generated when the
switching element 38 is turned ON, the switching ele-
ment 39 1s turned OFF, and the IC driver gate in the
pull-only driver circuit 36 is turned OFF, so that the
reference voltage Vg is supplied to the rear-electrode
through the switching element 38 and the diode. The
floating level voltage Vris defined by a voltage occur-
ring when the switching elements 38 and 39 are turned
OFF and the IC driver gate in the pull-only driver
circuit 36 is also turned OFF. A duration time t; of the
low level voltage V7 is 10 us, and a duration time t; of
the high level voltage Vg is 20 us.

The timing controller 32 controls the output of the
above voltages VD to VDg4 and VS to VSss.

When at least one of the high level voltages of VD,
to VDg4 1s supplied to at least one of the transparent
electrodes 161 to 1644, and one of the low level voltages
V1 of the pulse voltage VS is supplied to the rear-elec-
trode 12, the corresponding EL elements are supplied
with a high level drive voltages VDRV tc VDRVg4 of
+200 VDC, thereby instantaneously energizing the
corresponding EL elements to emit light therefrom. At
the end of a first scanning period divided into 24 within
the ON time Top, a low level voltage is supplied to the
transparent electrodes 161 to 1664 and a high level vol-
age Vgof +200 VDC is simultaneously supplied to the
rear-electrodes 121 to 1233, with the result that the drive
voltages VDRV, to VDRV 3, of —200 VDC are sup-
plied to all of the EL elements.

During the ON time Top, the illumination operation
1s effected 24 times sequentially, and the latent image
formation is effected.

Then, during the OFF time Torr, the transparent
electrodes 161 to 16g4 and the rear-electrodes 121 to 123>
are supplied with a low voltage, and thus all of the EL
elements are deenergized to a light level which does not
affect the next in line image formation.

A second embodiment of another EL device of the
present invention will be described with reference to
FIGS. 11 to 13. |

FIG. 11 illustrates the electrode arrangement of an
EL device 1a; FIG. 12 is a partial sectional view of the
EL device 14; and FIG. 13 is a perspective view of the
EL device 1a. In the drawings, the EL device 1g in-
cludes a glass substrate 11, a transparent electrode 164,
a first insulating layer 13, a light emitting layer 15, a
second insulating layer 19, and a rear electrode 12a. The
protective cover 20 shown in FIG. 5§ may be provided,
if necessary.

The rear-electrode 12g is divided into 32 sub-rear
electrodes 12a1 to 12a3; as shown in FIGS. 12 and 13.
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The transparent electrode 16a includes 64 sub-transpar-
ent electrodes 16a; to 16a¢4. The sub-transparent elec-
trodes 16a; to 16d¢4 are formed in a meander (zigzag)
line and each has a segment which intersects each sub-
rear electrode. The light emitting layer 15 is formed,
between the sub-rear electrodes 12a; to 12a32 and the
sub-transparent electrodes 16a; to 16as4, to define 2048
EL elements.

According to the above electrode arrangement, the
cross-over electrodes 17 and the throughholes therefor,

as shown in FIGS. 5§ and 6, are not necessary. As a_

result, the manufacturing process 1s simplified and the
yield of the EL device is improved in comparison to
those of the EL device shown in FIGS. 5 to 7.

The FIG. 14 is a circuit diagram of a control circuit
3a for controlling and driving the EL device 12 shown
in FIGS. 11 to 13.

Referring to FIG. 11, the sub-transparent electrode
1641 has a segment that is intersected at a right end
under the sub-rear electrode 12a;, a segment at a left
end under the sub-rear electrode 12a;, and so on. That
is, the sub-transparent electrodes 16a; to 16a¢s have
segments that are alternatively placed under the respec-
tive sub-rear electrodes 12a; to 12a33. Accordingly, the
sequence of a set of 64 bits of data must be reversed, as
follows:

TABLE 1

Sub-rear electrode

selection Sequence of 64 bit data
12a; . 0 64,63,...,2,1
12a3 65, 66, ..., 127, 128
12a31 1983, 1982, ..., 1919, 1918
12a32

1984, 1985, ..., 2047, 2048

The control circuit 3a differs from the control circuit
3 shown in FIG. 8, in that the control circuit 3q includes
a data generator 31a, a bi-directional shift register cir-
cuit 41, a timing controlling 32g, and a shift register
circuit 37a. Other circuit elements bearing the same
references as in FIG. 8 are substantially identical to
those shown in FIG. 8.

The data generator 31ag outputs sets of 64 bit data, 1.e.,
1 to 64 bits, 65 to 128 bits, . . ., 1984 to 2048 bits, to the
bi-directional shift register circuit 41. The bi-directional
shift register circuit 41 includes 64 shift registers and
has a bi-directional shift feature, well known in this
field. When a shift direction signal SDIR from the tim-
ing controller 32a is a logical high level, the bi-direc-
tional shift register circuit 41 inputs the set of 64 bit data
and shifts the same'in a forward direction, otherwise the
bi-directionl shift register circuit 41 shifts the same in a
reverse direction. The timing controller 32a outputs a
low level shift direction signal SDIR when odd sub-rear
electrodes 12a;, 1243, . . ., 12a31 are selected, or other-
wise, outputs a high level SDIR. The shift register cir-
cuit 37a includes 32 shift registers, and the timing con-
troller 32a sets “1” to a first shift register at an initial
condition of each scanning cycle.

At a first scanning cycle, 64 to 1 bits are latched in the
latch circuit 34 and 64 IC driver gates are energized 1n
the push-pull driver circuit 35. At the same time, a first
IC driver gate in the pull-only driver circuit 36 is ener-
gized. As a result, the sub-transparent electrodes 164 to
16a64 and the sub-rear electrode 12g; are energized to
illuminate 64 to 1 EL elements. The principle of emis-
sion 1s basically the same as that in FIG. 8. At a second
scanning cycle, the sub-transparent electrodes 16a; to
16a44 for 65 to 128 bit data and the sub-rear electrode
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12a; are energized, and subsequently, other sets of 64 bit
data are selected to emit light from corresponding EL
elements.

The above bi-directional shift operation can be real-
ized by a variety of methods. For example the data
generator 31a can output sets of 64 bit data as shown in
Table 1.

Referring to FIGS. 15a to 15¢, a modified electrode
arrangement of the EL device shown in FIGS. 11 to 13
will be described. Sub-transparent electrodes 1654 to
16b¢4 are formed in a trapezoid or triangle zigzag belt,
as shown in FIG. 15a. FIGS. 156 and 15¢ are partial
enlarged plan views of a segment of the sub-transparent
electrode 16b¢4 and a portion of sub-rear electrodes
12510 and 12511 at a point A in FIG. 154. This modified
sub-transparent electrode arrangement has the ment of
a short electrode length which contributes to a reduc-
tion of the power loss caused by resistance, in compari-

‘'son to the sub-transparent electrode arrangement

shown 1n FIG. 11.

From the viewpoint of shortening the length of the
sub-transparent electrodes, a half-circle zigzag form 1is
preferable.

Still another embodiment of an EIL. device and a con-
trol circuit therefor suitable for use in an electrophoto-
graphic printing system will be described.

Referring to FIG. 16, an EL device 1c¢ includes a pair
of EL element rows; one row consisting of an ITO
transparent electrode 16A, of InyO3 doped with Sn, an
insulating layer 13 of Si3Ng4, a light emitting layer 15 of
ZnS with 0.5% wt. Mn, another insulating layer 19 of
S13N4, and a first rear-electrode 12A of Al, and the
other row consisting of a second transparent electrode
16B, the insulating layer 13, the light emitting layer 15,
the insulating layer 19, and a second rear-electrode 12B.
These EL element rows are formed on a glass substrate
11. Each transparent electrode 16A or 16B consists of
2048 sub-transparent elecirodes.

Both EL element rows have the same structure and
face, center-to-center, the rear-electrodes 12A and 12B
at a distance d;. Each element row may be formed in
any one of the electrode arrangements set forth above.

Referring to FIG. 17, a partial plan view of the elec-
trode arrangement of FIGS. 6 and 7 is represented. If a
resolution of the print is 10 dots/mm, a pitch P;between
the transparent electrodes 16A; and 16A; or 16B; and
16B>is 0.1 mm and the distance d; of the rear-electrodes
12A and 12B from center-to-center is also 0.1 mm.

A focus lens array 3a includes a plurality of lens.
According to experiments, a deviation AY between the
center portion of the EL element and the optical axis of
the focus lens should be smaller than 0.4 mm, as shown
in FIG. 18. In FIG. 18, the abscissa indicates a length in
an axial direction of the light sensitive drum and the
ordinate indicates light intensity.

Referring to FIG. 19, a control circuit 3 includes a
data generator 315 outputting parallel data PDATA, a
timing controller 325, a shift register circuit 42 having
64 shift registers, a first shift register circuit 33A having
64 shift registers, a first latch circuit 34A having 64
flip-flops, a first pull-up driver circuit 35A having 64 1C
driving gates, and a pull-only driver circuit 46 having
two rows of IC drivers, each row consisting of 32 IC
driver gates. The control circuit 3b also includes a regis-

ter circuit 43 having 64 registers, a shift register circuit

44 having 64 shift registers, a second shift register cir-
cuit 33B having 64 shift registers, a second latch circuit
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34B having 64 flip-flops, and a second pull-up driver
circuit 35B having 64 IC driver gates. The circuit con-
struction of a first circuit of the first shift register circuit
33A, the first latch circuit 34A and the first pull-up
driver circuit 35A is substantially 1dentical to that of a
second circuit of the first shift register circuit 33B, the
second latch circuit 34B, and the second pull-up driver
circuit 35B.

The operation of the EL device 1c shown in FIGS. 16
and 17 by the control circuit 35 shown in FIG. 19 will
be described with reference to FIGS. 20a to 204.

FIG. 20a represents two sets of the electrode arrange-
ments, one set consisting of the rear-electrode 12A1 and
a group of transparent electrodes 16A to 16Ag4, and
the other set consisting of the rear-electrode 12B; and a
group of transparent electrodes 16B; to 16Bgs4. FIGS.
206 to 20d are views illustrating the emission of the EL
elements at times tj to t3. In FIGS. 205 to 204, small
circles represent emitting EL. elements.

In order to simplify the description of the operation,
the operation for illuminating 64 dots on one line will be
described. The data generator 316 sends first parallel
data PDATA of 64 bits to the shift register circuit 42
and the register circuit 43. The parallel data PDATA
held in the shift register circuit 42 is converted into
serial data SDATA, and is consecutively shifted into
the shift register circuits 33A. After that, the second
parallel data PDATA to be printed on a next line of the
light sensitive medium is held in the shift register circuit
42. Simultaneously, the first parallel data PDATA
stored in the register circuit 43 is transferred to the shift
register circuii 44. Then, the second parallel data
PDATA i1s stored in the register circuit 43. At the same
time, the data stored in the shift register circuit 44 is
converted into serial data SDATA, and transferred to
the shift register circuit 33B. As can be seen from the
above description, the first shift register circuit 33A
recetves the data one cycle before the second shift regis-
ter circuit 33B. -

At a time ty, the first data held in the shift register
circuit 33A is latched at the latch circuit 34A. The
transparent electrodes 16A3, 16A3 and 16As are ener-
gized through the pull-up driver circuit 35A in response
to the latched data. At the same time, the rear-electrode
12A1 1s energized through the pull-only driver circuit
46. The EL elements on the rear-electrode 12A1 emit
light as shown in FIG. 20b. However, the EL elements
on the rear-electrode 12B; do not emit light at the time
t1 because the shift register circuit 33B and the laich
circuit 34B have been cleared. At a time t», after the
elapse of one cycle, the second data is transferred to the
first shift register circuit 33A and latched at the first
latch circuit 34A. Simultaneously, the first data is trans-
ferred to the second shift register circuit 33B and
latched at the second latch circuit 34B. As a result, as
shown in FIG. 20¢, the transparent electrodes 16A,,
16A3, 16A4 and 16A¢ and the rear-electrode 12A.1, and
the transparent electrodes 16B1, 16B», and 16B;5 and the
rear-electrode 12B are respectively energized, simulta-
neously. The light sensitive medium on the light sensi-
tive drum is rotated and advanced one dot line for one
cycle between the times t; and t;. Accordingly, the
same dots on one dot line are exposed twice by the EL
elements on the transparent electrodes 16A 1, 16A3 and
16As and the rear-electrode 12A1 and the next EL ele-
ments on the transparent electrodes 16B;, 16B3 and
16Bs and the rear-electrode 12B1. The above operation
is carried out at a time t3.
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By providing two rows of EL elements and control-
ling them as described above, the same dot on the light
sensitive medium is exposed twice to the same intensity
light, and thus is given a doubled light energy. In other
words, in order to give the same intensity of light to the
dots on the light sensitive medium, the scanning number
is reduced by half, for example, 12 times from 24 times,
as shown 1n FIGS. 10a to 10k This enbles the printing
speed of the electrophotographic printing system to be
increased.

Referring to FIG. 21, another EL device 14 using the
same electrode arrangement as shown in FIGS. 15q to
15¢ of two rows of EL elements, similar to that in FIG.
16, 1s 1llustrated. A trapezoid meander-formed transpar-
ent electrode 16C consisting of 64 sub-transparent elec-
trode segments 16C; to 16Cg4 as shown in FIG. 15a is
formed, and 32 pairs of rear-electrodes 12C; and 12D
to 12C32 and 12D3; are also formed. A terminal 23 is
provided for connecting the rear-electrodes to the pull-
only driver circuit, and a terminal 24 is provided for
connecting the sub-transparent electrodes to the push-
up driver circuit.

This electrode arrangement has the merit of the com-
mon use of trapezoid meander-formed transparent elec-
trode 16C for forming two rows of EL elements.

A control circuit for controlling the EL device 14
shown in FIG. 21 may be constructed by combining the
circuit shown in FIG. 14 and the circuit shown in FIG.
19.

In order to further increase the intensity of light emit-
ted from the EL device and projected onto the light
sensitive layer, three or more rows of EL elements may
be provided together with another focusing lens unit
having three or more lens arrays adjusted thereto. Two
or more EL devices each having two rows of EL ele-
ments as set forth above and two or more focusing lens
units each also having two focusing lens arrays, can be
combined as shown in FIG. 22

In the above embodiments, the EL devices and con-
trol circuits therefor are described with reference to
specific applications in connection with electrophoto-
graphic printing systems. Nevertheless, the EL devices
and the control circuits of the present invention can be
applied to a variety of systems.

Many widely different embodiments of the present
invention may be constructed without departing from
the spirit and scope of the present invention. It should
be understood that the present invention is not limited
to the specific embodiments described in this specifica-
tion, except as defined in the appended claims.

We claim:

1. An electrophotographic printing system compris-
ing:

means movable along a predetermined path and

coated with a light sensitive medium,

means for precharging said light sensitive medium,

means for forming a latent image on said light sensi-

tive medium,

means for atfaching a printing medium at said latent

image formed portions on said light sensitive me-
dium,

means for transferring said attached printing medium

from said light sensitive medium, and

means for discharging said light sensitive medium,

said latent image forming means comprising an EL

device, means for focusing light emitting from said
EL device onto said light sensitive medium and
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means for controlling the energization of said EL
device, said EL device comprising:
- a light emitting layer;

a plurality of first electrodes, each comprising a plu-
rality of spaced, electrically connected electrode
segments;

a plurality of spaced second electrodes, each compris-
ing a plurality of spaced, electrically connected
electrode portions,

said first and second electrodes being arranged on
respective opposite sides of said light emitting
layer, with each first electrode segment disposed in
electro luminescing relationship with respect to a
corresponding second electrode portion to form an
EL element therebetween, and with each first elec-
trode forming such an EL element with each sec-
ond electrode, said EL elements being disposed in
a single line extending transversely of said path,

whereby an AC energizing pulse supplied by said
controlling means between a given first electrode
and a given second electrode causes the EL ele-
ment formed therebetween to emit light to said
focusing means.

2. An electrophotographic printing system as set
forth in claim 1 wherein said control means comprises a
plurality of circuit elements driving respective first
electrodes and a plurality of circuit elements driving
respective second electrodes.

3. An electrophotographic printing system as set
forth in claim 2 wherein said control means is operable
for repeatedly energizing said EL elements a predeter-
mined number of times with data for forming a latent
image in a predetermined period within a predeter-
mined ON time by supplying AC energizing pulses
between said first electrodes and said second electrodes
through said driving circuit elements, and for deener-
gizing said EL elements for a predetermined OFF time.

4. An electrophotographic printing system as set
forth in claim 3 wherein said predetermined number of
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times and said predetermined period are designed to 40

cause emission of a predetermined light intensity suffi-
cient to form said latent image, and said OFF time is
designed to permit decrease of said emitted light to a
level which will not form a latent image.

3. An electrophotographic printing system as set
forth in claim 1 wherein the pitch between adjacent
‘electrode portions of each second electrode is defined
by the resolution of the latent image formation.

6. An electrophotographic printing system as set
forth in claim 1 wherein said first electrodes are ar-
ranged in a belt form, said belt-form first electrodes
being disposed to intersect said second electrodes in a
meander manner.

7. An electrophotographic printing system as set
forth in claim 6 wherein said control means comprises a
plurality of circuit elements driving respective first
electrodes and a piurality of circuit elements driving
respective second electrodes.

8. An electrophotographic printing system as set
forth in claim 7 wherein said control means comprises
means for arranging the order of data to form a latent
image defined by the position of said meander form first
electrodes intersecting said second electrodes.

9. An electrophotographic printing system as set
forth in claim 8 wherein said control means is operable
for repeatedly energizing said EL elements a predeter-
mined number of times with data for forming a latent

image in a predetermined period within a predeter-
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mined ON time by supplying AC energizing pulses
between said first electrodes and said second electrodes
through said driving circuit elements, and for deener-
gizing said EL elements for a predetermined OFF time.

10. An electrophotographic printing system as set
forth in claim 9 wherein said predetermined number of
times and said predetermined period are designed to
cause emission of a predetermined light intensity suffi-
cient to form said latent image, and said OFF time is
designed to permit decrease of said emitted light to a
level which will not form a latent image.

11. An electrophotographic printing system accord-
ing to claim 10 wherein the pitch between adjacent
electrode portions of said second electrode is defined by
the resolution of the latent image formation.

12. An electrophotographic printing system as set
forth in claim 6 wherein said meander form of said first
electrodes is rectangular in shape.

13. An electrophotographic printing system as set
forth in claim 6 wherein said meander form of said first
electrodes is trapezoidal in shape.

14. An electrophotographic printing system as set
forth in claim 6 wherein said meander form of said first
electrodes is semi-circular in shape.

15. An electrophotographic printing system as set
forth in claim 1 wherein said second electrodes are
arranged in two separate groupings with the groupings
spaced apart a predetermined distance to present sepa-
rate arrays of said EL elements.

16. An electrophotographic printing system as set
forth in claim 15 wherein said control means comprises
two sets of circuit elements for driving respective first
electrodes and two sets of circuit elements for driving
respective second electrodes.

17. An electrophotographic printing system as set
forth in claim 16 wherein said control means comprises
means for alternatively providing the same data to the
sets of circuit elements 1n response to the moving speed
of said light sensitive medium so that the same positions
on the latter may be exposed twice to the same data.

18. An electrophotographic printing system as set
forth in claim 17 wherein said control means is operable
for repeatedly energizing said EL elements a predeter-
mined number of times with data for forming a latent
image in a predetermined period within a predeter-
mined ON time by supplying AC energizing pulses
between said first electrodes and satd second electrodes
through said driving circuit elements, and for deener-
gizing said EL elements for a predetermined OFF time.

19. An electrophotographic printing system as set
forth n claim 18 wherein said predetermined number of
times and said predetermined period are designed to
cause emission of a predetermined light intensity suffi-
cient to form said latent image, and said OFF time is
designed to permit decrease -of said emitted light to a
level which will not form a latent image.

20. An electrophotographic printing system as set
forth in claim 19 wherein the pitch between adjacent
electrode portions of the second electrode is defined by
the resolution of the latent image formation.

21. An electrophotographic printing system as set
forth in claim 15 wherein said first electrodes are ar-
ranged in a belt form, said belt-form first electrodes
intersecting each of said second electrodes in a meander
manner.

22. An electrophotographic printing system as set
forth in claim 21 wherein said control means comprises
two sets of circuit elements for driving respective first
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electrodes and two sets of circuit elements for driving
respective second electrodes. |

23. An electrophotographic printing system accord-
ing to claim 22 wherein said control means comprises
means for alternatively providing the same data to said 35
sets of control elements in response to the moving speed
of the light sensitive medium so that the same positions
on the latter are exposed twice to the same data and
means for arranging the order of data to form a latent
image defined by the position of said meander-form first 10
electrodes intersecting the second electrodes.

24. An electrophotographic printing system as set
forth in claim 23 wherein said control means is operable
for repeatedly energizing said EL elements a predeter-
mined number of times with data for forming a latent 15
image in a predetermined period within a predeter-
mined ON time by supplying AC energizing pulses
between said first electrodes and said second electrodes
through said driving circuit elements, and for deener-
gizing sald EL elements for a predetermined OFF time. 20

25. An electrophotographic printing system as set
forth in claim 24 wherein said predetermined number of
times and said predetermined period are designed to
cause emission of a predetermined light intensity suffi-
cient to form said latent image, and said OFF time is 25
designed to permit decrease of said emitted light to a
level which will not form a latent image.

26. An electrophotographic printing system as set
forth in claim 25 wherein the pitch between adjacent
electrode portions on said second electrode is defined 30
by the resolution of the latent image formation.

27. An electrophotographic printing system as set
forth 1n claim 21 wherein said meander form of said first
electrodes is rectangular in shape.

28. An electrophotographic printing system as set 35
forth in claim 21 wherein said meander form of said first
electrodes is trapezoidal in shape.

29. An electrophotographic printing system as set
forth 1n claim 21 wherein said meander form of said first
electrodes is semi-circular in shape. 40

30. An elongated plane-illumination type electro lu-
minescence device comprising:

a transparent substrate:

first transparent electrode means formed on said sub-

strate; 45

a light emitting layer embedded in an insulating layer

on said first electrode means;

second electrode means formed on said insulating

layer on the opposite side of the light emitting layer

from said first electrode means, 50
said first transparent electrode means comprising a

plurality of first electrode groups, each including a
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plurality of spaced, electrically connected elec-
trode segments,

said second electrode means comprising a plurality of

spaced second electrode groups, each including a
plurality of spaced, electrically connected elec-
trode portions,

said first and second electrode groups being arranged

with each first electrode segment disposed in elec-
tro luminescing relationship with respect to a cor-
responding second electrode portion to form an
EL element therebetween and with each first elec-
trode group forming such an EL element with each
second electrode group, said EL elements being
disposed in a single line extending longitudinally of
the device:; and

control means for supplying an AC energizing pulse

between a given first electrode group and a given
second electrode group to thereby cause the corre-
sponding EL element formed therebetween to emit
light.

31. An electro luminescence device as set forth in
claim 30 wherein said first electrode means is arranged
in a belt form and disposed to intersect said second
electrode means in a meander manner.

32. An electro luminescence device as set forth in
claim 31 wherein said meander form of said first elec-
trode groups is rectangular in shape.

33. An electro luminescence device as set forth in
claim 31 wherein said meander form of said first elec-
trode means is trapezoidal in shape.

34. An electro luminescence device as set forth in
claim 31 wherein said meander form of said first elec-
trode means 1s semi-circular in shape.

35. An electro luminescence device as set forth in
claim 30 wherein said second electrode groups are ar-
ranged in two separate groupings with the groupings
spaced apart a predetermined distance to present sepa-
rate arrays of said EL elements.

36. An electro luminescence device as set forth in
claim 35 wherein said first electrode means is arranged
in a belt form and disposed to intersect each of said
second electrode groupings in a meander manner.

37. An electro luminescence device as set forth in
claim 36 wherein said meander form of said first elec-
trode means is rectangular in shape.

38. An electro luminescence device as set forth in
claim 36 wherein said meander form of said first elec-
trode means is trapezoidal in shape.

39. An electro luminescence device as set forth in
claim 36 wherein said meander form of said first elec-

trode means 1s semi-circular in shape.
x Kk % X *
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